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Abstract
Symptoms of internalizing disorders such as depression and anxiety increase in adoles-
cence, especially in females. However, gender differences in depression and anxiety symp-
toms emerge only after puberty onset. Levels of alexithymia, characterized by difficulties
identifying and describing one’s emotions, are elevated in depression and anxiety, and fluc-
tuate across adolescence in a gender-specific manner. This study investigated changes in
alexithymia across adolescence, and explored the potential role of alexithymia in the devel-
opment of depression and anxiety, separately for females and males. Accordingly, 140 ado-
lescents aged 11 to 21 years (77 female) completed self-report measures of alexithymia,
depression and anxiety, and pubertal development. For females alone, pubertal maturation
was associated with alexithymic traits (specifically difficulties identifying and describing feel-
ings), as well as symptoms of depression and anxiety. After accounting for alexithymia, the
relationship between puberty and depression and anxiety was absent or reduced in females.
Thus, alexithymic traits may have differential consequences for males and females, and
possibly contribute towards increased depression and anxiety symptoms in females during
adolescence. We propose that developmental changes in alexithymia should be considered
when studying the onset and development of internalizing psychological disorders during
adolescence.
Introduction
Adolescence is a developmental period associated with considerable physical, social, and
psychological change [1–3]. It is also the period within which a number of psychiatric condi-
tions, including depression and anxiety, are most likely to have their onset [4,5]. These obser-
vations have prompted the suggestion that the changes experienced in adolescence (for
example changes related to puberty) may confer vulnerability for the development of psychiat-
ric conditions, rather than, or in addition to, chronological age [6,7].
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It has previously been suggested that the onset of psychopathology, and increased levels of
subclinical depression and anxiety, may be explained by age, pubertal status (i.e. stage of matu-
ration), and pubertal timing (i.e. stage of maturation relative to same-aged peers [8]). With
respect to age, studies demonstrate age-dependent increases in depressive symptoms across
adolescence [9–11], whereas symptoms of anxiety have been found to decrease in early adoles-
cence (age 10 to 13–14), and rise again from age 14–15 [12,13]. With respect to puberty, multi-
ple studies indicate that both pubertal status and pubertal timing are related to symptoms of
depression and anxiety [6,14,15], and to the onset of clinical depression and anxiety disorders
[7,16–18]. These results highlight the necessity of accounting for pubertal stage and pubertal
timing in addition to age when investigating the impact of adolescence on psychiatric
symptoms.
Effects of puberty appear to interact with gender; although females experience depression
and anxiety more often than males, these gender differences only emerge after the onset of
puberty [3,19–22]. Indeed, when directly compared, it was found that pubertal status predicted
the emergence of depression-related gender differences better than age [20]. Moreover, early
pubertal timing has been associated with symptoms of depression and anxiety in females
[21,23,24], whereas in males, late pubertal timing has been related to disruptive behaviour and
symptoms of depression [21,23,25].
It can be seen therefore, that all three developmental measures (age, pubertal stage, and
pubertal timing) have previously been related to an increase in symptoms of depression and
anxiety in adolescence, with specific effects of puberty being dependent upon gender.
Although evidence for a link between adolescent development and anxiety and depression is
substantial, at present the mechanism by which age and pubertal factors increase vulnerability
to depression and anxiety is unknown. This study aims to ascertain whether alexithymia has
the potential to explain the link between adolescent development and depression and anxiety.
Alexithymia, psychopathology, and adolescence
Alexithymia (or: pense´e operatoire, as it is often described in French-language literature [26] is
a sub-clinical condition characterised by an inability to identify and describe emotions,
together with an externally oriented thinking style [27]. Alexithymic traits are therefore typi-
cally measured across three subscales: difficulty identifying feelings (DIF), difficulty describing
feelings (DDF), and externally oriented thinking (EOT). The clinical relevance of alexithymia
is increasingly being recognised [28], not least because increased rates of alexithymia are
observed in both adolescents and adults with a range of psychiatric disorders; for example eat-
ing disorders [29,30], schizophrenia [31,32], and Autism Spectrum Disorder (ASD) [33,34].
Of relevance to the current study is that alexithymia, specifically the subscales relating to diffi-
culties identifying and describing feelings, is often associated with symptoms of depression
and anxiety [35–39].
Also of relevance is the impact of adolescence on rates of alexithymia, and how this is mod-
erated by gender. The overall prevalence of alexithymia is higher in adolescents (18%) [40]
than in adults (8–10%) [41]; with higher rates in early adolescence, decreasing to adult levels
by late adolescence [40,42]. Although several studies show higher rates of alexithymia in males
compared to females in adult samples [37,43], this pattern is reversed in adolescence [36,44].
During adolescence, levels of alexithymia are age- and gender-dependent: total alexithymia
scores and DDF scores show a negative relationship with age over adolescence in males,
whereas total alexithymia, DIF, and DDF scores remain more stable in females [40]. To our
knowledge, however, no studies have investigated the development of alexithymia scores in
relation to pubertal status or pubertal timing.
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The link between adolescence and alexithymia, and between alexithymia and depression
and anxiety, makes it possible that alexithymic traits can explain the link between adolescent
development and depression and anxiety. Based on existing research, it is unclear whether any
effect will be between age, puberty stage or pubertal timing and depression/ anxiety, although
there is reason to believe that these relationships (especially those involving pubertal factors)
may be gender-specific.
Current study
The present study aimed to 1) investigate the effect of age, pubertal status, and pubertal timing
on alexithymia, 2) identify the relationship between age, pubertal status, pubertal timing, and
depression and anxiety, and 3) examine whether alexithymia has the potential to explain the
relationship between age/pubertal status/pubertal timing, and symptoms of depression and
anxiety.
These relationships were separately examined for each of the three alexithymia subscales as
evidence suggests that they are differentially related to clinical outcomes. Although there are
high correlations between DIF and DDF scores, correlations between these subscales and EOT
scores are lower [45]. Additionally, DIF and DDF scores but not EOT scores are related to
depression and anxiety [35,38,39]. Analyses were conducted separately for males and females
due to the evidence reviewed above that pubertal influences on depression and anxiety vary
according to gender (e.g. [19,22]), the greater incidence of depression and anxiety in adoles-
cent females in comparison to males (e.g. [21,22]), and the fact that pubertal status reflects dif-
ferent bodily changes in males and females.
In line with previous evidence we predicted that symptoms of depression and anxiety
would increase with age (e.g. [10,12]) and pubertal status [6,14,15], and that early pubertal tim-
ing would relate to higher depression and anxiety scores than late pubertal timing in females
[21, 24, 46–48]. Additionally, we predicted that any shared variance between alexithymia and
age/pubertal status/pubertal timing when predicting symptoms of anxiety or depression would
be specific to the DIF and DDF subscales, since these have previously been found to relate to
depression and anxiety [35,36,39].
Methods
Participants
A total of 160 adolescents participated in this study, of whom 20 were excluded due to incom-
plete puberty assessments. Accordingly, a total of 140 healthy adolescents (77 female) were
included in analyses. Ages ranged between 11.0 and 20.9 years in females (Mage = 15.97,
SD = 3.0), and 11.0 to 20.7 years in males (Mage = 16.21, SD = 2.9). Pubertal stage was measured
on a continuous scale with possible scores from 5 to 20, indicating individuals for whom
puberty has not yet begun, and individuals for whom pubertal development is complete,
respectively. In females, pubertal status scores ranged from 5 to 20 (mean Pubertal status score
(PS) = 15.3, SD = 3.5), and from 5 to 20 in males (mean PS = 14.3, SD = 4.2) (see Table 1 for
more details).
Participants were recruited via talks at schools: adolescents could indicate their interest in
participating in scientific research via www.juniorhersenen.nl. Prior the start of this study, we
selected adolescents within the intended age-range and called them (and parents of minors) to
inform them about the study and ask whether they would be interested in participating. All
adolescents who decided to participate, and parents of minors, gave written informed consent
before inclusion in the study. No participants were diagnosed with depression or anxiety at the
time of the study. The study was approved by the Medical Ethics Committee (CME) of the
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Leiden University Medical Centre (LUMC). All procedures performed in studies involving
human participants were in accordance with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards.
Measures
Descriptive information for each measure, and statistical differences between females and
males on these measures, can be found in Table 2.
Pubertal status. The Pubertal Development Scale (PDS; [49]) was used to measure puber-
tal status. The internal reliability of this scale in this sample was assessed using Cronbach’s
alpha (females: ɑ = .72, males: ɑ = .86). This scale assesses changes in body hair, skin changes,
and growth rate in females and males. Gender-specific pubertal changes are also quantified;
voice changes and facial hair growth in males, and breast growth and menarcheal status in
females. The items are rated on a scale of 1 to 4 (1 = no development, 2 = development has just
begun, 3 = development is definitely underway, and 4 = development is complete). The menar-
che item is rated 1 (no) or 4 (yes). The total PDS score was used in analyses.
Pubertal timing. To calculate pubertal timing, we regressed PDS scores onto age in this
sample. The regression equation was used to estimate the expected PDS score based on age
(for females: r = .68, p< .001; Y = 0.82x + 2.56; for males: r = .73, p< .001; Y = 1.07x−2.38).
Subsequently, we calculated pubertal timing for each participant by subtracting the expected
PDS score (based on age) from the actual PDS score [50–52]. As a result, positive scores on
pubertal timing indicate a relatively early pubertal timing, whereas negative scores indicate a
relatively late pubertal timing for the participant’s age.
Alexithymia. To measure alexithymia, participants completed the Alexithymia Question-
naire for Children (AQC; [53]). Like the adult version [54], this scale consists of 20 items
assessing the three alexithymia subscales: Difficulty Identifying Feelings (DIF; e.g. ‘I am often
confused about what emotion I am feeling’), Difficulty Describing Feelings (DDF; e.g. ‘It is dif-
ficult for me to find the right words for my feelings’), and Externally-Oriented Thinking
(EOT; e.g. ‘I prefer to just let things happen rather than to understand why they turned out
that way’). The items are rated on a scale of 1 to 3 (1 = not true, 2 = a bit true, 3 = true). The
internal reliability of the subscales in this sample was assessed using Cronbach’s alpha (DIF:
ɑ; = .79, DDF: ɑ; = .76, EOT: ɑ; = .59).
Table 1. Number of Participants per age, PS score and gender as included in the final sample.
Age Mean PS score Number of participants
Females Males Total Females Males Total
11years 8.6 7.6 8.3 10 5 15
12 years 12.2 10.3 11.3 6 6 12
13 years 16.4 9.6 13.0 7 7 14
14 years 15.0 15.4 15.2 7 7 14
15 years 17.0 13.8 15.8 9 5 14
16years 16.0 14.8 15.5 7 6 13
17years 17.0 18.3 17.5 9 6 15
18years 16.1 17.6 16.9 7 7 14
19years 18.1 16.1 17.1 7 7 14
20years 17.6 17.7 17.7 8 7 15
Note. PS = Pubertal Status
https://doi.org/10.1371/journal.pone.0210519.t001
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Depression / Anxiety. To assess symptoms of depression and anxiety participants com-
pleted the Revised Child Anxiety and Depression Scale (RCADS; [55]). This scale consists of
47 items and is specifically developed to measure DSM-IV symptoms of major depression
(MD), generalized anxiety (GA), social phobia (SP), panic disorder (PD), separation anxiety
(SA), and obsessive-compulsive disorder (OCD) in adolescents. The items are rated on a scale
of 0 (never) to 3 (always). The internal reliability of the subscales was assessed using Cron-
bach’s alpha (MD: ɑ; = .80, GAD: ɑ; = .68, SP: ɑ; = .85, PD: ɑ; = .73, SA: ɑ; = .63, OCD: ɑ; =
.67). Participants’ minimum, maximum and mean scores on these measures, plus the lowest
and highest possible scores, can be found in S1 Table.
Procedure
This study was part of a larger study (the Leiden Self-Concept study) that consisted of two
parts. First, participants completed the RCADS at home. Second, participants visited the lab
where they completed the PDS, and the AQC. Questionnaires were completed no longer than
one week before the lab visit.
Statistical analyses
All analyses were performed separately for females and males. First, we examined the intercor-
relations between the developmental factors (age, pubertal status, and pubertal timing) and
Table 2. Descriptive statistics of all measures, and statistical differences between females and males on these measures.
Females Males
M SD M SD U
Age 15.97 3.00 16.21 2.89 2320.0
Pubertal Statusa 15.30 3.54 14.33 4.22
Pubertal Timinga -.05 2.58 -.02 2.89
Alexithymia 34.47 5.32 33.22 5.95
DIF 11.70 2.98 10.19 2.83 1645.5��
DDF 9.51 2.47 8.99 2.79 2106.5
EOT 13.26 2.88 14.05 2.77 1992.0
RCADS 28.05 15.28 20.10 10.64
MD 5.88 3.71 5.22 3.86 2116.0
GA 5.23 2.64 3.83 2.14 1647.5��
SP 8.87 4.90 5.89 3.61 1491.5���
PD 3.30 3.03 1.75 1.82 1668.0��
SA 2.69 2.23 1.37 1.51 1464.0���
OCD 2.08 2.39 2.05 1.96 2336.0
Note. Pubertal status = scores on the pubertal development scale; higher scores indicate a more mature pubertal state. Pubertal timing = pubertal development relative
to same-aged peers; positive scores indicate a relatively early pubertal timing, negative scores indicate a relatively late pubertal timing, Alexithymia subscales:
DIF = Difficulty Identifying Feelings, DDF = Difficulty Describing Feelings, EOT = Externally Oriented Thinking. RCADS = Revised Child Anxiety and Depression
Scale, subscales: MD = Major Depression, GA = Generalized Anxiety, SP = Social Phobia, PD = Panic Disorder, SA = Separation Anxiety, OCD = Obsessive Compulsive
Disorder. To test for significant differences between females and males on all measures a Mann-Whitney U-test was performed. U = the value of Mann-Whitney’s U
test.
��� Difference between females and males is significant at p < .001,
�� p < .01,
� p < .05 (2-tailed).
aNote that it is not appropriate to compare pubertal measures in males and females as scores index different processes and are scored differently.
https://doi.org/10.1371/journal.pone.0210519.t002
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alexithymia, depression, and anxiety. Second, where a relationship between developmental fac-
tors and depression/anxiety symptoms was found, we also tested for effects of the three alex-
ithymia subscales on the relationship between the developmental factor and depression and
anxiety using hierarchical regression analyses to see whether alexithymic traits have the poten-
tial to explain some of the relationships between developmental factors and psychiatric symp-
toms. Because of the relatively skewed distributions of the residuals, especially within the
analyses performed in males (see plots in S1 Fig), we performed subsequent entry method
robust regressions to confirm our results [56]. Robust regressions were conducted in Matlab
2014a and the default tuning function (‘bisquare’; 4.685) was utilised. This regression method
down weights the influence of extreme data points, reducing the influence of data points that
can exert a large influence on the results derived from the least-squares method. When data is
normal, the robust and least-squares methods produce very similar results (see [56]).
Results
Where parametric tests are used, all required assumptions were met. To test for possible differ-
ences in alexithymia scores between females and males, a Mann-Whitney U-test was per-
formed (Table 2). Results showed that females (M = 11.7, SD = 3.0) indicate more difficulties
identifying feelings than males (M = 10.2, SD = 2.8; U = 1645.5, p = .001). Alexithymia ratings
on the other two subscales did not differ between males and females (all p-values >.07).
Development of alexithymia symptoms
Table 3 reports the correlations between all alexithymia subscales and age, pubertal status, and
pubertal timing, separately for females and males. In females, EOT correlated negatively with
age and pubertal status, whereas DIF and DDF correlated positively with pubertal status and
pubertal timing. Furthermore, total alexithymia score correlated positively with pubertal tim-
ing. In males, EOT correlated negatively with age, pubertal status, and pubertal timing.
Development of symptoms of depression and anxiety
Table 4 describes the relationship between the RCADS subscales and age, pubertal status, and
pubertal timing. In females, symptoms of depression correlated positively with pubertal status
and pubertal timing. Symptoms of social phobia correlated positively with pubertal status,
while symptoms of generalized anxiety disorder correlated positively with pubertal status and
age. In males, symptoms of generalized anxiety disorder were positively correlated with age as
in females. Separation anxiety correlated negatively with pubertal status and pubertal timing.
Table 3. Correlations between age, pubertal status and pubertal timing, and alexithymia subscales.
Females Males
Age Pubertal Status Pubertal Timing Age Pubertal Status Pubertal Timing
DIF .075 .257� .282� .114 .224 .207
DDF .115 .315�� .324�� .136 .214 .168
EOT -.462�� -.299�� .026 -.369�� -.461�� -.280��
Note. Pubertal status = scores on the pubertal development scale; higher scores indicate a more mature pubertal state. Pubertal timing = pubertal development relative to
same-aged peers; positive scores indicate a relatively early pubertal timing, negative scores indicate a relatively late pubertal timing, Alexithymia subscales:
DIF = Difficulty Identifying Feelings, DDF = Difficulty Describing Feelings, EOT = Externally Oriented Thinking.
��Correlation is significant at p < .01 (2-tailed).
�Correlation is significant at p < .05 (2-tailed).
https://doi.org/10.1371/journal.pone.0210519.t003
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Relationship between alexithymia and symptoms of depression and anxiety
Table 5 presents correlations between the alexithymia and RCADS subscales. In females, DIF
correlated positively with all RCADS subscales. DDF correlated positively with RCADS sub-
scales major depression, generalized anxiety, and social phobia, and EOT correlated negatively
with generalized anxiety. In males, DIF correlated positively with all RCADS subscales except
separation anxiety. DDF correlated positively with RCADS subscales major depression, gener-
alized anxiety, social phobia, and panic disorder, and EOT correlated positively with separa-
tion anxiety in males.
Effects of alexithymia in a hierarchical regression model
Hierarchical regression analyses were used to test whether alexithymic traits have the potential
to contribute towards, or explain, the relationship between developmental factors (age/puber-
tal status/pubertal timing) and symptoms of depression and anxiety. Analyses were only per-
formed where there were significant correlations between alexithymia and developmental
factors, alexithymia and symptom levels, and developmental factors and symptom levels. Note
Table 4. Correlations between age, pubertal status and pubertal timing, and symptoms of depression and anxiety.
Females Males
Age Pubertal Status Pubertal Timing Age Pubertal Status Pubertal Timing
MD .164 .330�� .299� .002 -.002 -.005
GA .268� .319�� .185 .254� .088 -.142
SP .131 .229� .191 .171 .032 -.136
PD .063 .145 .140 -.137 -.188 -.129
SA -.133 .032 .170 -.236 -.420�� -.363��
OCD -.031 .069 .123 -.082 -.076 -.024
Note. Pubertal status = scores on the pubertal development scale; higher scores indicate a more mature pubertal state. Pubertal timing = pubertal development relative to
same-aged peers; positive scores indicate a relatively early pubertal timing, negative scores indicate a relatively late pubertal timing, MD = Major Depression,
GA = Generalized Anxiety, SP = Social Phobia, PD = Panic Disorder, SA = Separation Anxiety, OCD = Obsessive Compulsive Disorder
��Correlation is significant at p < .01 (2-tailed).
�Correlation is significant at p < .05 (2-tailed).
https://doi.org/10.1371/journal.pone.0210519.t004
Table 5. Correlations between alexithymia subscales, and depressive and anxiety symptoms.
Females Males
DIF DDF EOT DIF DDF EOT
MD .529�� .227� -.152 .488�� .392�� .085
GA .542�� .270� -.230� .407�� .280� .029
SP .490�� .352�� -.173 .269� .319� .036
PD .385�� .157 -.128 .354�� .266� .117
SA .331�� .079 .148 .116 .128 .282�
OCD .510�� .125 .031 .316� .175 .080
Note. Subscales of alexithymia: DIF = Difficulty Identifying Feelings, DDF = Difficulty Describing Feelings, EOT = Externally Oriented Thinking. Anxiety/Depression
ratings: MD = Major Depression, GA = Generalized Anxiety, SP = Social Phobia, PD = Panic Disorder, SA = Separation Anxiety, OCD = Obsessive Compulsive
Disorder.
��Correlation is significant at p < .01(2-tailed).
�Correlation is significant at p < .05 (2-tailed).
https://doi.org/10.1371/journal.pone.0210519.t005
The role of alexithymic traits in depression and anxiety symptom development in adolescent females
PLOS ONE | https://doi.org/10.1371/journal.pone.0210519 January 16, 2019 7 / 17
that separate analyses were performed for each developmental variable (age, pubertal status,
pubertal timing), and for each of the different RCADS subscales, where the pattern of zero-
order correlations made an effect of alexithymia possible.
Females. In females, we tested the effect of adding alexithymia to regression models test-
ing the relationship between age and generalized anxiety symptoms. Next, we tested the effect
of adding alexithymia to regression models testing the relationship between pubertal status
and major depression, generalized anxiety symptoms, and social phobia scores. Subsequently,
we tested the effect of adding alexithymia to models testing the relationship between pubertal
timing and depression (see S2 Table).
Adding alexithymia subscales in the second step of the regression improved all tested mod-
els: the regression of generalized anxiety on age (R2change = .29, Fchange = 10.70, p< .001),
the regression of major depression symptoms (R2change = .23, Fchange = 8.18, p< .001), gen-
eralized anxiety symptoms (R2change = .25, Fchange = 9.38, p< .001), and social phobia
symptoms (R2change = .22, Fchange = 7.23, p< .001) on pubertal status, and the regression of
major depression symptoms on pubertal timing (R2change = .24, Fchange = 8.69, p< .001).
In these five models, only DIF was a significant predictor of depression and anxiety symp-
toms (age—generalized anxiety: t = 4.94, p< .001; pubertal status—major depression: t = 4.74,
p< .001; pubertal status—generalized anxiety: t = 4.74, p< .001; pubertal status—social pho-
bia: t = 3.48, p = .001; pubertal timing—major depression: t = 4.67, p< .001). Only in the
regression model predicting major depression symptoms from pubertal status did the develop-
mental factor remain a significant predictor in the model when alexithymia scales were
included (pubertal status: t = 2.01, p = .048). Conversely, when alexithymia subscales were
added in the first step, and the developmental factor was added in the second step, only in the
model predicting major depression symptoms from pubertal status did the developmental fac-
tor significantly increase the amount of variance explained (R2 change = .04, F change = 4.04,
p = .048; in the other models, all p-values > .06).
Males. In males we tested the effect of adding alexithymia to regression models testing the
effect of 1) pubertal status, and 2) pubertal timing on separation anxiety (see S2 Table). Adding
alexithymia subscales in the second step of the regression did not improve these models: the
regression of pubertal status (R2 change = .066, F change = 1.68, p = .181) and pubertal timing
(R2 change = .071, F change = 1.71, p = .175) on symptoms of separation anxiety. In these
models, none of the alexithymia subscales were significant predictors of separation anxiety
symptoms (pubertal status—separation anxiety: all p-values < .26; pubertal timing—separa-
tion anxiety: all p-values < .23). Conversely, when alexithymia subscales were added in the
first step, and the developmental factor was added in the second step, in both models the devel-
opmental factor significantly increased the amount of variance explained (pubertal status: R2
change = .15, F change = 11.70, p = .001; pubertal timing: R2 change = .11, F change = 8.18, p =
.006).
Robust regressions. To confirm the above regression analyses, we conducted additional
robust analyses. As it is not possible to conduct hierarchical regressions in these analyses, we
performed two separate analyses for each of the above tested models: one with only the devel-
opmental factor as a predictor, and one with the developmental factor and the alexithymia sub-
scales as predictors. These analyses confirm the results described above.
In females, the developmental factor was significant in all five models when added as the
only predictor (modelling generalized anxiety as a function of (1) age and (2) pubertal status,
modelling major depression from (3) pubertal status and (4) pubertal timing, and modelling
social phobia as a function of (5) pubertal status; all p-values < .018). In all five models, the
developmental factor was not significant when the three alexithymia subscales were added as
additional predictor variables (all p-values>.07; see S3 Table). In all models including both the
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developmental factor and alexithymia subscales, DIF contributed significantly to the outcome
variable (all p-values < .002). Only in the model with social phobia did EOT additionally (neg-
atively) predicted this outcome variable (p = .007). In males, the developmental factor was sig-
nificant in both models when added as the only predictor (modelling separation anxiety as a
function of (1) pubertal status and (2) pubertal timing; both p-values < .026), and these factors
remained significant in the models including alexithymia predictor variables (both p-values <
.013; see S4 Table). None of the alexithymia subscales significantly contributed to separation
anxiety (all p-values>.18).
The use of mediation analyses with cross-sectional data for making casual inferences has
been questioned [57,58]. However, as we aimed to identify a potential mechanism accounting
for developmental influences on depression and anxiety, mediation analyses could be consid-
ered to be an appropriate alternative way to test our hypotheses. Therefore, we confirmed our
previously described results using mediation analyses, and present these analyses in the Sup-
porting Information (S1 File).
Discussion
The main goals of this study were to explore the effect of developmental factors including age,
pubertal development, and pubertal timing on levels of alexithymia, and to test whether alex-
ithymia has the potential to explain the relationship between developmental factors and symp-
toms of depression and anxiety. As predicted, we found that these relationships were largely
moderated by gender, although symptoms of depression and anxiety were related to DIF in
both males and females. Only in females did alexithymia have the potential to explain the effect
of development on depression and anxiety; the inclusion of DIF as a predictor in the regression
analyses reduced the size (and statistical significance) of the association between pubertal sta-
tus and pubertal timing and symptoms of depression, and the relationship between pubertal
status and generalized anxiety and social phobia symptoms. The discussion is organized
according to these findings. Each section first describes common results for females and
males, before discussing results unique to females and then to males.
Developmental effects on levels of alexithymia
Developmental effects on levels of alexithymia varied as a function of gender and alexithymia
subscale. While externally-oriented thinking decreased with age and pubertal status in both
females and males, increasing pubertal maturity was related to increasing difficulties in identi-
fying and describing feelings in females. Earlier pubertal timing was related to increased diffi-
culties identifying and describing feelings in females, whereas in males it was associated with
less externally oriented thinking. Together, these results show that puberty is an important fac-
tor to consider when examining the development of alexithymia across adolescence [59], and
add nuance to previous findings of a decrease in levels of alexithymia across adolescence
[40,42].
Developmental effects on symptoms of depression and anxiety
Symptoms of generalized anxiety, but not depression, increased with age in both males and
females, and symptoms of depression, generalized anxiety, and social phobia increased with
pubertal status in females. These results are partly in line with previous studies that found an
increase in both anxiety and depression across adolescence in both males and females (e.g.
[6,10,12,14,15]). Previous studies show greater increases in symptoms of depression in females
compared to males, which is consistent with our finding that symptoms of depression signifi-
cantly increase with pubertal development in females only.
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As predicted, females who mature earlier showed more symptoms of depression compared
to late maturing females [21,24]. However, in contrast to previous studies, in these data early
maturing females did not show more anxiety symptoms compared to late maturing females
[46,47]. Unlike females, in males, less mature pubertal status and late pubertal timing were
related to increased symptoms of separation anxiety. This result complements previous studies
indicating a decline of separation anxiety symptoms [60] in adolescence, and a drop in separa-
tion anxiety prevalence after childhood, with rates remaining stable in adolescence [61]. In
combination with previous work, these data therefore suggest that pubertal status and pubertal
timing confer a unique developmental trajectory unrelated to age with respect to separation
anxiety across adolescence, at least in males.
Relationship between alexithymia and symptoms of depression and anxiety
In line with previous studies that show higher alexithymia rates among adolescents with psy-
chological disorders [36–39], we found that females and males who have more difficulty iden-
tifying feelings, also had more symptoms of depression and anxiety. The same relationship was
found for DDF, but this subscale of alexithymia correlated with fewer anxiety subtypes than
DIF. EOT was only related to one subtype of anxiety symptoms in females and males, which
confirms previous studies indicating that it is predominantly difficulties identifying and
describing feelings that are related to symptoms of depression and anxiety [36,39].
Difficulty identifying feelings has the potential to explain the relationship
between puberty and symptoms of depression and anxiety
We predicted that the potential of alexithymia to explain the impact of pubertal factors on
depression and anxiety would be restricted to the DIF or DDF subscales, since these subscales
have previously been found to relate to depression and anxiety. In line with our predictions,
across five hierarchical regression analyses, results were consistent with the idea that DIF has
the potential to explain the effect of puberty on levels of depression and anxiety. Additional
mediation analyses supported this conclusion. However, as this is the first study investigating
this possible mechanism, future studies should aim to replicate these results, preferably using a
longitudinal design.
Specifically, we found that DIF was able to explain some of the effect of pubertal status
(both DIF and pubertal status were significant predictors in the regression) and all of the effect
of pubertal timing (only DIF remained a significant predictor in the regression model) on
depression. Moreover, DIF explained the relationship between pubertal status and generalized
anxiety, social phobia, and separation anxiety symptoms (pubertal status was not a predictor
after the inclusion of DIF). Whilst causal mechanisms cannot be inferred from these data,
results are consistent with a model whereby a more mature pubertal status / earlier pubertal
timing results in an increase in DIF, which in turn results in more severe symptoms of depres-
sion and anxiety. Future longitudinal studies could aim to test these models. These effects were
only present in females. Thus, results are consistent with the hypothesis that alexithymia plays
an important role in the increased depression and anxiety seen in adolescent females. Though
future longitudinal research is required to determine the casual relationship between DIF,
pubertal status and symptoms of depression and anxiety, these data suggest such research is
warranted.
The explanatory power of alexithymia, in particular of DIF, may at least in part help to
explain the gender differences in levels of depression and anxiety during adolescence (e.g.
[14,21,22]). While it was possible to account for the effect of developmental factors on symp-
toms of depression and anxiety via increases in DIF this effect was specific to females; DIF did
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not increase with age or pubertal status in males, and females gave higher DIF ratings than
males. Although this hypothesis concerning the gender difference in the development of these
psychological symptoms across adolescence is supported by the current data, it is clear that
future studies should further investigate the precise role of alexithymia in the development of
psychological symptoms in adolescence using a longitudinal design, taking into account other
factors that may be involved with the onset of these symptoms. For example, one’s self-concept
[2] and self-esteem [62] change considerably from childhood, across adolescence, and into
adulthood, and these changes could also be related to an increase in symptoms of depression
and anxiety [63–65].
Limitations and future directions
Despite the potential of these findings to elucidate the relationship between adolescence and
increased depression and anxiety, it is important to acknowledge certain limitations of the
study. First, the mean pubertal status score was relatively high (15.3 for Females, 14.3 for
males). Although pubertal development scores ranged from 5 to 20 (full range of scores) in
both males and females, relatively few participants were in the early stages of puberty. Future
research should include participants in an even broader age range, in order to make sure that
the early pubertal stages are not underrepresented.
Second, pubertal timing was measured by comparing one’s pubertal status to that of same-
aged peers within our sample of participants. Although other studies have used this method
[51,52,66], future studies might consider including multiple measurements of pubertal timing,
for example by explicitly asking the child and a parent about the child’s pubertal timing [8].
Third, although not a limitation per se, it should be acknowledged that the present sample
was not drawn from a clinical population with high levels of anxiety and depression. As such,
although one can be confident about inferences concerning a potential effect of alexithymia on
depression and anxiety in a typical sample with anxiety and depression scores largely in the
normal range, one must be cautious about making inferences about clinical samples. It should
be noted, however, that alexithymia has been linked to symptoms of depression and anxiety in
clinical groups, and that the RCADS is considered a clinical screening tool. It is therefore per-
fectly possible that alexithymia has the potential to explain the relationship between develop-
mental factors and clinical levels of anxiety and depression as it does for sub-clinical levels of
anxiety and depression.
Fourth, future studies are necessary to confirm the potential role of alexithymia in the
development of symptoms of depression and anxiety. In the current study we used several
measures of specific forms of anxiety, resulting in detailed information concerning specific
symptoms, but which also resulted in a relatively large number of analyses. These future stud-
ies should use a longitudinal design in order to provide causal evidence for the mechanism
proposed here.
Potential mechanism
The finding that alexithymia may explain some of the developmental influences on symptoms
of depression and anxiety during adolescence is consistent with a previous suggestion that
alexithymia is a marker for interoceptive impairment, and that interoceptive impairment is
responsible for a range of clinical symptoms [59]. Interoception refers to the perception of the
internal state of one’s body [67,68], and is thought to underpin a range of emotional processes,
including emotional memory [69], emotional stability [70], emotion regulation [71], and emo-
tional intensity [71,72]. Accurate perception of interoceptive information is also thought to be
crucial for learning and decision-making, as these processes rely on perception of internal
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signals of punishment and reward (e.g. [73]). Given the reliance on interoception of funda-
mental processes such as emotion processing and learning and memory, it is perhaps unsur-
prising that a number of clinical conditions have been found to be, or theorised to be,
characterised by atypical interoception [74–76], including depression and anxiety [77]. Impor-
tantly, alexithymia has also been shown to be associated with impaired interoception [78,79],
making it possible that developmental factors (e.g., physical change) during adolescence give
rise to atypical interoception (signalled by alexithymic traits), which in turn gives rise to clini-
cal symptoms of depression and anxiety. Furthermore, the observation that alexithymic traits
contributed towards clinical symptoms in females only is also consistent with previous evi-
dence that females often present with poor objective interoceptive accuracy in comparison to
men [79,80], and suggests that the negative impact of atypical interoception on mental health
may be more pronounced in females. While this hypothesis is certainly speculative, it is worthy
of future investigation using a full battery of tests of interoception during adolescence [78].
Conclusions
In this study, we aimed to investigate the development of the separate subscales of alexithymia
across adolescence, and to explore the potential role of alexithymia in the development of symp-
toms of depression and anxiety, separately for males and females. Results demonstrated that
females with more mature pubertal status experience more difficulties in identifying and
describing feelings. This relationship was not found in males. In females, difficulty identifying
feelings could explain the effect of pubertal factors on symptoms of depression and anxiety. The
current findings suggest that it is important to consider changes in alexithymia when studying
the onset and development of internalizing psychological disorders during adolescence.
Supporting information
S1 Table. Overview of participants’ minimum, maximum, and mean scores on measures of
depression and anxiety, including the lowest and highest possible scores.
(DOCX)
S2 Table. The results of the hierarchical regression predicting psychiatric symptoms from
maturation measures (age, pubertal stage, pubertal timing) and alexithymia in females
and males.
(DOCX)
S3 Table. The results of the robust regressions predicting psychiatric symptoms from mat-
uration measures (age, pubertal stage and pubertal timing) and factors of alexithymia in
females.
(DOCX)
S4 Table. The results of the robust regressions predicting psychiatric symptoms from mat-
uration measures (pubertal stage and pubertal timing) and factors of alexithymia in males.
(DOCX)
S1 Fig. Distribution of residuals in all conducted hierarchical regressions. As these distribu-
tions are not perfect, especially within the analyses performed in males, we performed robust
regression analyses to confirm our results.
(DOCX)
S1 File. Supplemental methods and results.
(DOCX)
The role of alexithymic traits in depression and anxiety symptom development in adolescent females
PLOS ONE | https://doi.org/10.1371/journal.pone.0210519 January 16, 2019 12 / 17
Author Contributions
Conceptualization: Jennifer Murphy, Geoffrey Bird.
Data curation: Renske van der Cruijsen.
Formal analysis: Renske van der Cruijsen.
Investigation: Renske van der Cruijsen.
Methodology: Renske van der Cruijsen, Jennifer Murphy.
Project administration: Renske van der Cruijsen.
Supervision: Geoffrey Bird.
Writing – original draft: Renske van der Cruijsen, Jennifer Murphy.
Writing – review & editing: Renske van der Cruijsen, Jennifer Murphy, Geoffrey Bird.
References
1. Dahl RE. Adolescent brain development: a period of vulnerabilities and opportunities. Ann N Y Acad
Sci. 2004; 1021(1):1–22.
2. Harter S. The construction of the self. New York, NY: Guilford Press; 2012.
3. Hayward C, Sanborn K. Puberty and the emergence of gender differences in psychopathology. J Ado-
lesc Heal Off Publ Soc Adolesc Med [Internet]. Lawrence Erlbaum Associates, Hillsdale, NJ; 2002 Apr 1
[cited 2017 Jul 18]; 30(4 Suppl):49–58. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11943575
4. Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime Prevalence and Age-
of-Onset Distributions of DSM-IV Disorders in the National Comorbidity Survey Replication. Arch Gen
Psychiatry [Internet]. 2005; 62(June):593–602. Available from: http://archpsyc.jamanetwork.com/
article.aspx?doi=10.1001/archpsyc.62.6.593
5. Giedd JN, Keshavan M, Paus T. Why do many psychiatric disorders emerge during adolescence? Nat
Rev Neurosci. 2008; 9(12):947–57. https://doi.org/10.1038/nrn2513 PMID: 19002191
6. Alloy LB, Hamilton JL, Hamlat EJ, Abramson LY. Pubertal Development, Emotion Regulatory Styles,
and the Emergence of Sex Differences in Internalizing Disorders and Symptoms in Adolescence. Clin
Psychol Sci [Internet]. SAGE PublicationsSage CA: Los Angeles, CA; 2016 Sep 23 [cited 2017 Jul 17];
4(5):867–81. Available from: http://journals.sagepub.com/doi/10.1177/2167702616643008
7. Tondo L, Pinna M, Serra G, De Chiara L, Baldessarini RJ. Age at menarche predicts age at onset of
major affective and anxiety disorders. Eur Psychiatry [Internet]. 2017 Jan [cited 2017 Jul 17]; 39:80–5.
Available from: http://linkinghub.elsevier.com/retrieve/pii/S0924933816300931
8. Dorn LD, Dahl RE, Woodward HR, Biro F. Defining the Boundaries of Early Adolescence: A User’s
Guide to Assessing Pubertal Status and Pubertal Timing in Research With Adolescents. Appl Dev Sci
[Internet]. Lawrence Erlbaum Associates, Inc.; 2006 Jan [cited 2017 Jul 17]; 10(1):30–56. Available
from: http://www.tandfonline.com/doi/abs/10.1207/s1532480xads1001_3
9. Hankin BL, Abramson LY, Moffitt TE, Silva P a, McGee R, Angell KE. Development of depression from
preadolescence to young adulthood: emerging gender differences in a 10-year longitudinal study. J
Abnorm Psychol. 1998; 107(1):128–40. PMID: 9505045
10. Hankin BL, Young JF, Abela JRZ, Smolen A, Jenness JL, Gulley LD, et al. Depression from childhood
into late adolescence: Influence of gender, development, genetic susceptibility, and peer stress. J
Abnorm Psychol [Internet]. 2015; 73(4):389–400. Available from: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=4662048&tool=pmcentrez&rendertype=abstract
11. Lewinsohn PM, Rohde P, Seeley JR, Klein DN, Gotlib IH. Natural course of adolescent major depres-
sive disorder in a community sample: Predictors of recurrence in young adults. Am J Psychiatry. 2000;
157(10):1584–91. https://doi.org/10.1176/appi.ajp.157.10.1584 PMID: 11007711
12. Costello EJ, Mustillo S, Erkanli A, Keeler G, Angold A. Prevalence and development of psychiatric disor-
ders in childhood and adolescence. Arch Gen Psychiatry,. 2003; 60:837–844. https://doi.org/10.1001/
archpsyc.60.8.837 PMID: 12912767
13. Van Oort FVA, Greaves-Lord K, Verhulst FC, Ormel J, Huizink AC. The developmental course of anxi-
ety symptoms during adolescence: The TRAILS study. J Child Psychol Psychiatry Allied Discip. 2009;
50(10):1209–17.
The role of alexithymic traits in depression and anxiety symptom development in adolescent females
PLOS ONE | https://doi.org/10.1371/journal.pone.0210519 January 16, 2019 13 / 17
14. Hankin BL. Development of Sex Differences in Depressive and Co-Occurring Anxious Symptoms Dur-
ing Adolescence: Descriptive Trajectories and Potential Explanations in a Multiwave Prospective Study.
J Clin Child Adolesc Psychol [Internet]. Taylor & Francis Group; 2009 Jul 14 [cited 2017 Jul 18];
38(4):460–72. Available from: http://www.tandfonline.com/doi/abs/10.1080/15374410902976288
15. Nolen-Hoeksema S, Larson J, Grayson C. Explaining the gender difference in depressive symptoms. J
Pers Soc Psychol. 1999; 77(5):1061–72. PMID: 10573880
16. Schuch JJJ, Roest AM, Nolen WA, Penninx BWJH, de Jonge P. Gender differences in major depres-
sive disorder: Results from the Netherlands study of depression and anxiety. J Affect Disord [Internet].
2014 Mar [cited 2017 Jul 17]; 156:156–63. Available from: http://linkinghub.elsevier.com/retrieve/pii/
S0165032713008495
17. Kessler RC, McGonagle KA, Zhao S, Nelson CB, Hughes M, Eshleman S, et al. Lifetime and 12-Month
Prevalence of DSM-III-R Psychiatric Disorders in the United States. Arch Gen Psychiatry [Internet].
American Medical Association; 1994 Jan 1 [cited 2017 Jul 18]; 51(1):8. Available from: http://archpsyc.
jamanetwork.com/article.aspx?doi=10.1001/archpsyc.1994.03950010008002
18. Grant BF, Hasin DS, Blanco C, Stinson FS, Chou SP, Goldstein RB, et al. The epidemiology of social
anxiety disorder in the United States: results from the National Epidemiologic Survey on Alcohol and
Related Conditions. J Clin Psychiatry [Internet]. 2005; 66(11):1351–61. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/16420070
19. Altemus M, Sarvaiya N, Neill Epperson C. Sex differences in anxiety and depression clinical perspec-
tives. Front Neuroendocrinol [Internet]. NIH Public Access; 2014 Aug [cited 2017 Jul 17]; 35(3):320–30.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/24887405
20. Angold A, Costello EJ, Worthman CM. Puberty and depression: the roles of age, pubertal status and
pubertal timing. Psychol Med [Internet]. 1998; 28:51–61. Available from: http://journals.cambridge.org/
PSM
21. Conley CS, Rudolph KD. The emerging sex difference in adolescent depression: interacting contribu-
tions of puberty and peer stress. Dev Psychopathol [Internet]. Walaeus Library LUMC; 2009; 21
(2):593–620. Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
2704098&tool=pmcentrez&rendertype=abstract
22. Mendle J. Why Puberty Matters for Psychopathology. Child Dev Perspect [Internet]. 2014 Dec 1 [cited
2017 Jul 18]; 8(4):218–22. Available from: http://doi.wiley.com/10.1111/cdep.12092
23. Kaltiala-Heino R, Kosunen E, Rimpela¨ M. Pubertal timing, sexual behaviour and self-reported depres-
sion in middle adolescence. J Adolesc. 2003; 26(5):531–45. PMID: 12972267
24. Reardon LE, Leen-Feldner EW, Hayward C. A critical review of the empirical literature on the relation
between anxiety and puberty. Clin Psychol Rev [Internet]. 2009 Feb [cited 2017 Jul 18]; 29(1):1–23.
Available from: http://linkinghub.elsevier.com/retrieve/pii/S0272735808001323
25. Graber JA, Seeley JR, Brooks-Gunn J, Lewinsohn PM. Is Pubertal Timing Associated With Psychopa-
thology in Young Adulthood? J Am Acad Child Adolesc Psychiatry [Internet]. 2004 Jun [cited 2017 Jul
14]; 43(6):718–26. Available from: http://linkinghub.elsevier.com/retrieve/pii/S0890856709613216
26. Taylor GJ, Bagby RM, Parker JDA. What’s in the name “alexithymia”? A commentary on “Affective
agnosia: Expansion of the alexithymia construct and a new opportunity to integrate and extend Freud’s
legacy”. Neurosci Biobehav Rev [Internet]. Elsevier Ltd; 2016; 68:1006–20. Available from: http://dx.
doi.org/10.1016/j.neubiorev.2016.05.025
27. Sifneos PE. The prevalence of “alexithymic”characteristics in psychosomatic patients. Psychother Psy-
chosom [Internet]. 1973; 22(2–6):255–262. Available from: http://www.karger.com/doi/10.1159/
000286529%5Cnhttp://www.karger.com/Article/Abstract/286529
28. Kajanoja J, Scheinin NM, Karlsson L, Karlsson H, Karukivi M. Illuminating the clinical significance of
alexithymia subtypes: A cluster analysis of alexithymic traits and psychiatric symptoms. J Psychosom
Res [Internet]. Elsevier; 2017; 97(April):111–7. Available from: http://dx.doi.org/10.1016/j.jpsychores.
2017.04.010
29. Courty A, Godart N, Lalanne C, Berthoz S. Alexithymia, a compounding factor for eating and social
avoidance symptoms in anorexia nervosa. Compr Psychiatry. 2015; 56:217–28. https://doi.org/10.
1016/j.comppsych.2014.09.011 PMID: 25443977
30. Karukivi M, Hautala L, Korpelainen J, Haapasalo-Pesu K-M, Liuksila P-R, Joukamaa M, et al. Alexithy-
mia and eating disorder symptoms in adolescents. Eat Disord. 2010; 18(3):226–38. https://doi.org/10.
1080/10640261003719518 PMID: 20419527
31. van ‘t Wout M, Aleman A, Bermond B, Kahn RS. No words for feelings: alexithymia in schizophrenia
patients and first-degree relatives. Compr Psychiatry. 2007; 48(1):27–33. https://doi.org/10.1016/j.
comppsych.2006.07.003 PMID: 17145278
The role of alexithymic traits in depression and anxiety symptom development in adolescent females
PLOS ONE | https://doi.org/10.1371/journal.pone.0210519 January 16, 2019 14 / 17
32. van der Meer L, van’t Wout M, Aleman A. Emotion regulation strategies in patients with schizophrenia.
Psychiatry Res [Internet]. Elsevier Ltd; 2009; 170(2–3):108–13. Available from: http://linkinghub.
elsevier.com/retrieve/pii/S0165178109002777
33. Lombardo M V., Barnes JL, Wheelwright SJ, Baron-Cohen S, Mori T. Self-Referential Cognition and
Empathy in Autism. Zak P, editor. PLoS One [Internet]. Sage; 2007 Sep 12 [cited 2017 Jul 18]; 2(9):
e883. Available from: http://dx.plos.org/10.1371/journal.pone.0000883
34. Griffin C, Lombardo M V., Auyeung B. Alexithymia in children with and without autism spectrum disor-
ders. Autism Res. 2016; 9(7):773–80. https://doi.org/10.1002/aur.1569 PMID: 26426084
35. Hendryx MS, Haviland MG, Shaw DG. Dimensions of Alexithymia and Their Relationships to Anxiety
and Depression. J Pers Assess [Internet]. Lawrence Erlbaum Associates, Inc.; 1991 Apr [cited 2017 Jul
18]; 56(2):227–37. Available from: http://www.tandfonline.com/doi/abs/10.1207/s15327752jpa5602_4
36. Honkalampi K, Tolmunen T, Hintikka J, Rissanen M-L, Kylma¨ J, Laukkanen E. The prevalence of alex-
ithymia and its relationship with Youth Self-Report problem scales among Finnish adolescents. Compr
Psychiatry [Internet]. 2009 May [cited 2017 Jul 14]; 50(3):263–8. Available from: http://linkinghub.
elsevier.com/retrieve/pii/S0010440X08001193
37. Honkalampi K, Hintikka J, Tanskanen A, Lehtonen J, Viinama¨ki H. Depression is strongly associated
with alexithymia in the general population. J Psychosom Res [Internet]. 2000 Jan [cited 2017 Jul 18];
48(1):99–104. Available from: http://linkinghub.elsevier.com/retrieve/pii/S0022399999000835
38. Karukivi M, Hautala L, Kaleva O, Haapasalo-Pesu K-M, Liuksila P-R, Joukamaa M, et al. Alexithymia is
associated with anxiety among adolescents. J Affect Disord [Internet]. 2010 Sep [cited 2017 Jul 18];
125(1–3):383–7. Available from: http://linkinghub.elsevier.com/retrieve/pii/S0165032710002636
39. Marchesi C, Brusamonti E, Maggini C. Are alexithymia, depression, and anxiety distinct constructs in
affective disorders? J Psychosom Res [Internet]. 2000 Jul [cited 2017 Jul 18]; 49(1):43–9. Available
from: http://linkinghub.elsevier.com/retrieve/pii/S0022399900000842
40. Gatta M, Facca I, Colombo E, Svanellini L, Montagnese S, Schiff S. Alexithymia, Psychopathology and
Alcohol Misuse in Adolescence : A Population Based Study on 3556 Teenagers. Neurosci Med. 2014;
5:60–71.
41. Salminen JK, Saarija¨rvi S, A¨ a¨rela¨ E, Toikka T, Kauhanen J. Prevalence of alexithymia and its associa-
tion with sociodemographic variables in the general population of finland. J Psychosom Res [Internet].
1999 Jan [cited 2017 Jul 25]; 46(1):75–82. Available from: http://linkinghub.elsevier.com/retrieve/pii/
S0022399998000531
42. Sa¨kkinen P, Kaltiala-Heino R, Ranta K, Haataja R, Joukamaa M. Psychometric Properties of the 20-
Item Toronto Alexithymia Scale and Prevalence of Alexithymia in a Finnish Adolescent Population. Psy-
chosomatics [Internet]. 2007 Mar [cited 2017 Jul 18]; 48(2):154–61. Available from: http://linkinghub.
elsevier.com/retrieve/pii/S0033318207710642
43. Salminen JK, Saarija¨rvi S, A¨ a¨rela¨ E, Toikka T, Kauhanen J. Prevalence of alexithymia and its associa-
tion with sociodemographic variables in the general population of finland. J Psychosom Res [Internet].
1999 Jan [cited 2017 Jul 18]; 46(1):75–82. Available from: http://linkinghub.elsevier.com/retrieve/pii/
S0022399998000531
44. Joukamaa M, Taanila A, Miettunen J, Karvonen JT, Koskinen M, Veijola J. Epidemiology of alexithymia
among adolescents. J Psychosom Res [Internet]. 2007 Oct [cited 2017 Jul 14]; 63(4):373–6. Available
from: http://linkinghub.elsevier.com/retrieve/pii/S0022399907000670
45. Gohm CL, Clore GL. Individual Differences in Emotional Experience: Mapping Available Scales to Pro-
cesses. Personal Soc Psychol Bull. 2000; 26:679–97.
46. Mendle J, Turkheimer E, Emery RE. Detrimental psychological outcomes associated with early pubertal
timing in adolescent girls. Dev Rev. 2007; 27(2):151–71. https://doi.org/10.1016/j.dr.2006.11.001
PMID: 20740062
47. Reardon LE, Leen-Feldner EW, Hayward C. A critical review of the empirical literature on the relation
between anxiety and puberty. Clin Psychol Rev [Internet]. Elsevier Ltd.; 2009; 29(1):1–23. Available
from: http://dx.doi.org/10.1016/j.cpr.2008.09.005
48. Wasserman RM, Holmbeck GN, Lennon JM, Amaro CM. A longitudinal assessment of early pubertal
timing as a predictor of psychosocial changes in adolescent girls with and without spina bifida. J Pediatr
Psychol. 2012; 37(7):755–68. https://doi.org/10.1093/jpepsy/jsr121 PMID: 22271794
49. Petersen AC, Crockett L, Richards M, Boxer A. A self-report measure of pubertal status: Reliability,
validity, and initial norms. J Youth Adolesc. 1988; 17(2):117–33. https://doi.org/10.1007/BF01537962
PMID: 24277579
50. Dorn LD, Dahl RE, Woodward HR, Biro F. Defining the Boundaries of Early Adolescence: A User’s
Guide to Assessing Pubertal Status and Pubertal Timing in Research With Adolescents Defining the
Boundaries of Early Adolescence : A User’s Guide to Assessing Pubertal Status and Pubertal Timing.
Appl Dev Sci. 2006; 10(1):30–56.
The role of alexithymic traits in depression and anxiety symptom development in adolescent females
PLOS ONE | https://doi.org/10.1371/journal.pone.0210519 January 16, 2019 15 / 17
51. Ellis BJ, McFadyen-Ketchum S, Dodge KA, Pettit GS, Bates JE. Quality of Early Family Relationships
and Individual Differences in the Timing of Pubertal Maturation in Girls: A Longitudinal Test of an Evolu-
tionary Model. J Pers Soc Psychol. 1999; 77(2):387–401. PMID: 10474213
52. Ellis BJ, Garber J. Psychosocial antecedents of variation in girls’ pubertal timing: maternal depression,
stepfather presence, and marital and family stress. Child Dev. 2000; 71(2):485–501. PMID: 10834479
53. Rieffe C, Oosterveld P, Terwogt MM. An alexithymia questionnaire for children: Factorial and concur-
rent validation results. Pers Individ Dif. 2006; 40(1):123–33.
54. Bagby RM, Parker JDA, Taylor GJ. The twenty-item Toronto Alexithymia scale-I. Item selection and
cross-validation of the factor structure. J Psychosom Res. 1994; 38(1):23–32. PMID: 8126686
55. Chorpita BF, Yim L, Moffitt C, Umemoto LA, Francis SE. Assessment of symptoms of DSM-IV anxiety
and depression in children: A revised child anxiety and depression scale. Behav Res Ther. 2000;
38(8):835–55. PMID: 10937431
56. Field AP, Wilcox RR. Robust statistical methods: A primer for clinical psychology and experimental psy-
chopathology researchers. Behav Res Ther [Internet]. Elsevier Ltd; 2017; 98:19–38. Available from:
http://dx.doi.org/10.1016/j.brat.2017.05.013
57. Cole DA, Maxwell SE. Testing Mediational Models with Longitudinal Data: Questions and Tips in the
Use of Structural Equation Modeling. J Abnorm Psychol. 2003; 112(4):558–77. https://doi.org/10.1037/
0021-843X.112.4.558 PMID: 14674869
58. Maxwell SE, Cole DA, Mitchell MA. Bias in cross-sectional analyses of longitudinal mediation: Partial
and complete mediation under an autoregressive model. Psychol Methods. 2007; 12(1):23–44.
59. Murphy J, Brewer R, Catmur C, Bird G. Developmental Cognitive Neuroscience Interoception and psy-
chopathology : A developmental neuroscience perspective. Dev Cogn Neurosci [Internet]. Elsevier Ltd;
2017; 23:45–56. Available from: http://dx.doi.org/10.1016/j.dcn.2016.12.006
60. McLaughlin KA, King K. Developmental Trajectories of Anxiety and Depression in Early Adolescence. J
Abnorm Child Psychol. 2015; 43:311–23. https://doi.org/10.1007/s10802-014-9898-1 PMID: 24996791
61. Copeland WE, Angold A, Shanahan L, Costello EJ. Longitudinal patterns of anxiety from childhood to
adulthood: The great smoky mountains study. J Am Acad Child Adolesc Psychiatry [Internet]. Elsevier
Inc; 2014; 53(1):21–33. Available from: http://dx.doi.org/10.1016/j.jaac.2013.09.017
62. Robins RW, Trzesniewski KH. Self-esteem development across the life span. Curr Dir Psychol Sci.
2005; 14(3):158–62.
63. Sowislo JF, Orth U. Does low self-esteem predict depression and anxiety? A meta-analysis of longitudi-
nal studies. Psychol Bull [Internet]. 2013; 139(1):213–40. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/22730921
64. Spilt JL, van Lier PAC, Leflot G, Onghena P, Colpin H. Children’s Social Self-Concept and Internalizing
Problems: The Influence of Peers and Teachers. Child Dev. 2014; 85(3):1248–56. https://doi.org/10.
1111/cdev.12181 PMID: 24936612
65. Cole DA. Relation of social and academic competence to depressive symptoms in childhood. J Abnorm
Psychol. 1990; 99(4):422–9. PMID: 2266218
66. Dorn LD, Susman EJ, Ponirakis A. Pubertal Timing and Adolescent Adjustment and Behavior: Conclu-
sions Vary by Rater. J Youth Adolesc. 2003; 32(3):157–67.
67. Craig AD. How do you feel? Interoception: the sense of the physiological condition of the body. 2002; 3
(August).
68. Khalsa SS, Adolphs R, Cameron OG, Critchley HD, Davenport PW, Feinstein JS, et al. Interoception
and Mental Health: A Roadmap. Biol Psychiatry Cogn Neurosci Neuroimaging. 2017; 3:501–13. https://
doi.org/10.1016/j.bpsc.2017.12.004 PMID: 29884281
69. Werner NS, Peres I, Duschek S, Schandry R. Implicit memory for emotional words is modulated by car-
diac perception. Biol Psychol. 2010; 85(3):370–6. https://doi.org/10.1016/j.biopsycho.2010.08.008
PMID: 20813152
70. Schandry R. Heart Beat Perception and Emotional Experience. Psychophysiology [Internet]. 1981 Jul
[cited 2017 Jul 25]; 18(4):483–8. Available from: http://doi.wiley.com/10.1111/j.1469-8986.1981.
tb02486.x
71. Fu¨sto¨s J, Gramann K, Herbert BM, Pollatos O. On the embodiment of emotion regulation: Interoceptive
awareness facilitates reappraisal. Soc Cogn Affect Neurosci. 2013; 8(8):911–7. https://doi.org/10.1093/
scan/nss089 PMID: 22933520
72. Wiens S, Mezzacappa ES, Katkin ES. Heartbeat detection and the experience of emotions. Cogn Emot
[Internet]. 2000; 14(3):417–27. Available from: http://www.tandfonline.com/doi/abs/10.1080/
026999300378905
The role of alexithymic traits in depression and anxiety symptom development in adolescent females
PLOS ONE | https://doi.org/10.1371/journal.pone.0210519 January 16, 2019 16 / 17
73. Werner NS, Duschek S, Mattern M, Schandry R. The relationship between pain perception and intero-
ception. J Psychophysiol. 2009; 23(1):35–42.
74. Klabunde M, Acheson DT, Boutelle KN, Matthews SC, Kaye WH. Interoceptive sensitivity deficits in
women recovered from bulimia nervosa. Eat Behav [Internet]. Elsevier Ltd; 2013; 14(4):488–92. Avail-
able from: http://dx.doi.org/10.1016/j.eatbeh.2013.08.002
75. Khalsa SS, Lapidus RC. Can interoception improve the pragmatic search for biomarkers in psychiatry?
Front Psychiatry. 2016; 7:1–19.
76. Quattrocki E, Friston K. Autism, oxytocin and interoception. Neurosci Biobehav Rev [Internet]. 2014
Nov [cited 2017 Jul 25]; 47:410–30. Available from: http://linkinghub.elsevier.com/retrieve/pii/
S0149763414002395
77. Pollatos O, Traut-Mattausch E, Schandry R. Differential effects of anxiety and depression on interocep-
tive accuracy. Depress Anxiety. 2009; 26(2):167–73. https://doi.org/10.1002/da.20504 PMID:
19152366
78. Murphy J, Catmur C, Bird G. Alexithymia is associated with a multi-domain, multi-dimensional failure of
interoception: evidence from novel tests. J Exp Psychol Gen. 2017; 44(February):1–36.
79. Murphy J, Brewer R, Hobson H, Catmur C, Bird G. Is alexithymia characterised by impaired interocep-
tion? Further evidence, the importance of control variables, and the problems with the Heartbeat Count-
ing Task. Biol Psychol. 2018; 136:189–97. https://doi.org/10.1016/j.biopsycho.2018.05.010 PMID:
29803614
80. Grabauskaitė A, Baranauskas M, Grisˇkova-Bulanova I. Interoception and gender: What aspects should
we pay attention to? Conscious Cogn. 2017; 48:129–37. https://doi.org/10.1016/j.concog.2016.11.002
PMID: 27866005
The role of alexithymic traits in depression and anxiety symptom development in adolescent females
PLOS ONE | https://doi.org/10.1371/journal.pone.0210519 January 16, 2019 17 / 17
